ABSTRACT Background: Self-perceived lactose intolerance may result in adverse dietary modifications; thus, more studies are needed to understand the prevalence of self-perceived lactose intolerance and how it relates to calcium intake and selected health conditions. Objective: The objective was to examine the effects of selfperceived lactose intolerance as it relates to calcium intake and specific health problems that have been attributed to reduced intakes of calcium and dairy foods in a nationally representative multiethnic sample of adults. Design: This was a cross-sectional study in a national sample of 3452 adults. The relation between self-perceived lactose intolerance, calcium intakes, and physician-diagnosed health conditions was analyzed by using linear regression analyses. Results: Of the total sample, 12.3% of respondents perceived themselves to be lactose intolerant. The age-adjusted prevalence of selfperceived lactose intolerance was 7.8% for non-Hispanic whites, 20.1% for non-Hispanic blacks, and 8.8% for Hispanics. Respondents with self-perceived lactose intolerance had significantly lower (P , 0.05) average daily calcium intakes from dairy foods than did those without self-perceived lactose intolerance. A significantly higher (P , 0.05) percentage of respondents with self-perceived lactose intolerance than of respondents without self-perceived lactose intolerance reported having physician-diagnosed diabetes and hypertension. The odds of self-reported physician-diagnosed diabetes or hypertension decreased by factors of 0.70 and 0.60, respectively, for a 1000-mg increase in calcium intake from dairy foods per day. Conclusions: Self-perceived lactose-intolerant respondents had a significantly lower calcium intake from dairy foods and reported having a significantly higher rate of physician-diagnosed diabetes and hypertension.
INTRODUCTION
Lactose intolerance refers to the gastrointestinal discomfort that may be experienced with lactose maldigestion-a condition resulting in incomplete digestion of lactose (1, 2) . Lactose maldigestion occurs when more lactose is consumed than the existing lactase enzyme can hydrolyze at one time. Clinical lactose intolerance refers to a physician's diagnosis of lactose intolerance after diagnostic testing for lactose maldigestion with the use of methods such as the breath-hydrogen test (considered the "gold standard" for this diagnosis) or the stool acidity test (3) (4) (5) . Whereas lactose intolerance exists in the United States, the 2010 National Institutes of Health Consensus Development Conference on Lactose Intolerance and Health concluded that the true prevalence of lactose intolerance in the United States is not known because studies have varied in their interpretation of what constitutes this condition, and many studies assessed individuals without a diagnosis of clinical lactose intolerance (4) . Several reviews have summarized earlier studies on lactose maldigestion and estimated that lactose intolerance in Americans occurs in '15% of whites, 50% of Hispanics, and 80% of African Americans (6) (7) (8) . This is in stark contrast with a recently published study in the Journal of the National Medical Association and first mentioned in the Consensus report of the National Medical Association on the role of dairy and dairy nutrients in the diet of African Americans (9, 10) . According to this research, only 24% of African Americans surveyed actually reported being lactose intolerant. In another study that assessed prevalence estimates for adults who reported themselves to be lactose intolerant, 8%, 20%, and 10% of whites, African Americans, and Hispanics self-reported being lactose intolerant, respectively (11) .
Reported prevalence rates of lactose intolerance are inconsistent, partly because the concept of lactose intolerance is poorly defined. For example, research indicates that a portion of individuals who report or perceive themselves as having lactose intolerance are not lactose maldigesters, so the cause of their gastrointestinal discomfort is not related to lactose (4) . Individuals who have self-perceived lactose intolerance, regardless of whether they were self-diagnosed or physician diagnosed, tend to avoid dairy foods (10, 12, 13) . Avoidance of dairy foods may lead to nutrient shortcomings that could predispose them to adverse health outcomes, including poor bone health (14) (15) (16) , higher blood pressure (17) (18) (19) (20) (21) , higher body weight (22) (23) (24) (25) , a higher incidence of colon cancer (26) (27) (28) , and a higher risk of developing diabetes (29) (30) (31) (32) (33) . Therefore, the goal of this study was to examine the association between self-perceived lactose intolerance, calcium intake, and specific health problems that have been attributed to a reduced intake of calcium and dairy foods in a nationally representative multiethnic sample of adults.
SUBJECTS AND METHODS
A survey was developed from information derived from Nominal Group Technique (NGT) meetings. Random digit dialing was used to administer the survey (interview format) to a nationally representative multiethnic sample of adult respondents. The study was approved by the Institutional Review Boards for Human Use at the University of Alabama at Birmingham and Baylor College of Medicine.
Respondents
Respondents were 19-70-y-old adults from 3 racial-ethnic groups (whites, African Americans, and Hispanic Americans). For the qualitative phase, adults aged 30-50 y who perceived themselves to be lactose intolerant (defined to participants as digestive problems that occur when consuming milk or dairy products) were recruited through a current database at the Children's Nutrition Research Center (CNRC) (n ' 100). For the quantitative phase, respondents were recruited and assessments were conducted through random digit dialing at the University of Alabama at Birmingham (UAB) Center for the Study of Community Health. A person was classified as having lactose intolerance if he or she responded yes to the question "Do you think that you are lactose intolerant?" after a brief description of the condition was provided. People who responded no or don't know were classified as not lactose intolerant. Exclusion criteria included gastrointestinal surgery, cow milk allergy (defined to participants as causing symptoms such as wheezing, nausea, headache, stomachache, itchy hives-with most reactions happening for ,1 d), antibiotic therapy within the past 2 mo, or intercurrent illness, such as inflammatory bowel disease.
Nominal Group Technique
The approach to developing the questionnaire was driven by consumer-oriented phenomenology and reflected the belief that questionnaires should be designed by systematically incorporating the views of those for whom the measure was intended. The NGT is a formal "brainstorming" or idea-generating technique developed by Delbecq et al (34) . Unlike the traditional focus group, the structured framework of the NGT minimizes power differentials that may exist among group members or between the group members and the moderator. Because the NGT tends to promote even rates of participation across respondents, the input from group members is equally weighted and the data generated by this process are considered a valid representation of the views of the group (35) .
Respondents for the NGT sessions were recruited by racialethnic groups. A total of 8 NGT sessions were conducted with 6 to 8 adults per session. The information provided by the participants from each racial-ethnic groups was combined as an exhaustive list and subjected to a thorough distillation process. The response distillation used to develop inclusive lists of lactose intolerance perceptions and facilitative strategies involved compiling and aggregating the prioritized, substantively similar responses across the racial-ethnic groups. Any nonredundant responses endorsed by any group were also included in generating lists of perceptions of lactose intolerance and facilitative strategies among adults. An overinclusive pool of survey items was formulated from the responses. These items were then reviewed by an expert panel with extensive understanding of the literature to finalize the survey.
Final questionnaire
The questionnaire survey consisted of 4 or 5 distinct sections depending on self-perceived lactose intolerance. For those respondents who do not self-identify as lactose intolerant, the survey included 1) screening questions to identify lactose intolerance, 2) a calcium intake section, 3) demographic data, and 4) selfreported physician-diagnosed health conditions. For those selfperceived lactose-intolerant respondents, the set of surveys included 1) screening questions to identify lactose intolerance, 2) a calcium intake section, 3) facilitative strategies and perceptions, 4) demographic data, and 5) self-reported physiciandiagnosed health conditions.
Calcium intake
A food-frequency questionnaire (FFQ) developed by Sebring et al (36) was used to assess the calcium and dairy intakes of study respondents (available in English and Spanish). This FFQ is a list of 25 foods, including dairy products; beverages; combination foods, such as lasagna, macaroni and cheese, and pizza; vegetables, grains, and nuts; and other foods and was validated in a sample of 341 adults against a 7-d food record (36) . Dairy products included milk (white or chocolate) to drink, milk on cereal, instant breakfast drinks made with milk, yogurt, pudding, ice cream, calcium-fortified drinks and juices, cheese, and cottage cheese. The beverages included cocoa, café latte, café au lait, and cappuccino; combination foods included a wide variety of foods made with milk or cheese. Specific to this study we looked at total calcium intake, servings of dairy products consumed, and the contribution of dairy products to calcium intake. Other sources of calcium designed for lactose-intolerant consumers were also included, such as calcium supplements and lactose-free products.
Administration of the questionnaire
The questionnaire was interviewer administrated by using Computer Assisted Telephone Interviewing (CATI) techniques.
Interviewers who were trained in proper interviewing procedures, study specific protocols, and human subjects' protection conducted the interviews. Interviewers were monitored and supervised for quality control. The sample frame consisted of all households in the contiguous United States with a telephone, including both landlines and cell phones. The sample was stratified by race-ethnicity into 3 mutually exclusive racial-ethnic groups. A nationally representative sample of randomly generated telephone numbers was purchased from a commercial sample provider. A nationally representative sample of randomly selected telephone numbers were called from the Survey Research Unit's CATI facility at the University of Alabama at Birmingham. Sampling frames were obtained by the Survey Research Unit, which is part of the standardized procedure they use for this kind of research. The sample was divided into 3 strata: census tracts with 50% African Americans, census tracts with 50% Hispanic Americans, and all remaining census tracts. Calls were placed to all numbers to locate households with eligible respondents.
Spanish interviewers were conducted by bilingual interviewers using a questionnaire translated into Spanish. Interviewing began in January and was completed in October 2009. Numbers were called up to 15 times, including day, evening, and weekend calls. Final disposition codes were assigned to all numbers based on CDC Behavioral Risk Factor Surveillance Survey disposition code guidelines, which can be located at www.cdc.gov/BRFSS/ technical_infodata/pdf/2003DQRHandbook.pdf. The average time taken to complete the surveys was 13 min. Interviewers were supervised at all times and randomly electronically monitored a minimum of 4 times/mo. No problems were encountered. The cooperation rate, calculated as the number of completions divided by the number of completions + refusals + surveys terminated in process, was 35.1%. The overall response rate, calculated as the number of completions divided by the completions + refusals + assumed eligible after unable to reach after 15 attempts + language barrier + surveys terminated in process, was 25.3%.
Data analyses
Chi-square tests were used to examine the association between self-perceived lactose intolerance and the respondents' age group, sex, and race-ethnicity group. Separate linear regression analyses were conducted to examine the relations between calcium intakes from dairy and nondairy foods as predicted by selfperceived lactose intolerance, sex, and age by using Predictive Analytics SoftWare (SPSS Inc, Chicago, IL) 18.0. Logistic regression analyses were conducted to examine the relation between self-reported physician-diagnosed diabetes and hypertension and calcium intakes from dairy foods and calcium intakes from foods by using Mplus 6.1. The logistic regression model included the predictors calcium intake from dairy and nondairy foods, sex, and race-ethnicity and self-reported physician-diagnosed hypertension and diabetes as the outcomes. Calcium intake was expressed in 1000-mg units.
RESULTS
The total sample size was 3729. Ninety-four individuals who had missing values of self-perceived lactose intolerance and 183 individuals with a daily calcium intake from foods below the 2.5th percentile (ie, 214.29 mg/d) or above the 97.5th percentile (ie, 3192.14 mg/d) were eliminated from the analyses. The exclusion of persons in the bottom and top 2.5th percentiles was based on a tentative decision to minimize the effects of extreme and implausible self-perceived levels of calcium intake from foods. On the basis of the trimmed means, no statistically significant difference was found between those who perceived themselves to be lactose intolerant and those who did not with respect to the percentages of respondents excluded from the analyses. Moreover, the differences in average calcium intakes between those with and without self-perceived lactose intolerance were consistent, irrespective of the inclusion or exclusion of the outlier values. The final sample consisted of 3452 respondents, which included 1071 male and 2381 female respondents. In terms of racial-ethnic groups, 1648 were non-Hispanic whites, 958 were non-Hispanic blacks, and 846 were Hispanics. The mean (6SD) age of the respondents was 48.71 6 13.16 y. Of the total sample, 12.3% of respondents had self-perceived lactose intolerance. The age-adjusted prevalence rate of self-perceived lactose intolerance was 7.8% for non-Hispanic whites, 20.1% for non-Hispanic blacks, and 8.8% for Hispanics ( Table 1) .
No statistically significant difference between respondents with self-perceived lactose intolerance and those without selfperceived lactose intolerance was found with respect to age ( Table 2) . A statistically significant sex difference was found between respondents with self-perceived lactose intolerance and those without self-perceived lactose intolerance, ie, significantly more women than men reported self-perceived lactose intolerance (P , 0.05). A statistically significant difference in the percentages of self-perceived lactose intolerance among racialethnic groups was found, ie, significantly more non-Hispanic black than non-Hispanic white and Hispanic respondents reported self-perceived lactose intolerance (P , 0.05). However, the percentages of self-perceived lactose intolerance were similar for non-Hispanic whites and Hispanics (P . 0.05).
Respondents with self-perceived lactose intolerance had significantly lower (P , 0.05) average daily calcium intakes from dairy foods than did those without self-perceived lactose intolerance, but there was no statistically significant difference in calcium intakes from nondairy foods between those with and without self-perceived lactose intolerance ( Table 3 and Table  4 ). Men had significantly lower average daily calcium intakes from dairy foods than did women (P , 0.05). Relative to nonHispanic white respondents, both non-Hispanic blacks and Hispanics had significantly lower average daily calcium intakes from dairy foods and significantly higher average daily calcium intakes from nondairy foods. Generally, aging was significantly associated with declining daily calcium intakes from both dairy and nondairy foods (Table 4) .
Differences in self-reported physician-diagnosed health conditions were also noted between respondents with and without self-perceived lactose intolerance ( Table 5) . A significantly higher percentage of respondents with than without self-perceived lactose intolerance reported having physician-diagnosed diabetes and hypertension. Daily calcium intakes from dairy foods were statistically associated with both self-reported physiciandiagnosed diabetes and hypertension (P , 0.05). The odds of self-reported physician-diagnosed diabetes or hypertension decreased by factors of 0.70 and 0.60, respectively, for a 1000-mg increase in calcium intake from dairy foods per day, after control for other variables in the model. The odds of self-reported physician-diagnosed diabetes increased by a factor of 2.21 for non-Hispanic blacks relative to non-Hispanic whites, after control for other variables in the model. The odds of self-reported physician-diagnosed hypertension increased by a factor of 1.79 for non-Hispanic blacks relative to non-Hispanics whites, after control for other variables in the model (P , 0.01). The odds of self-reported physician-diagnosed diabetes increased by a factor of 1.14 for Hispanics relative to non-Hispanic whites, after control for other variables in the model (P , 0.05). The odds of self-reported physician-diagnosed hypertension increased by a factor of 0.70 for Hispanics relative to non-Hispanic whites, after control for other variables in the model (P , 0.01). Sex and daily calcium intake from nondairy foods were not associated with self-reported physician-diagnosed diabetes and hypertension (P . 0.05) ( Table 6) .
Differences were noted between respondents with and without self-perceived lactose intolerance with respect to the average number of weekly servings of milk related foods (data not shown). Respondents with self-perceived lactose intolerance consumed significantly less (P , 0.05) milk, yogurt, soup made with milk, pudding made with milk, cheese, cottage cheese, and ice cream than respondents who did not report self-perceived lactose intolerance.
DISCUSSION
The results from this national survey confirm that the prevalence of self-perceived lactose intolerance is significantly lower than prevalence estimates of lactose intolerance based on lactosemaldigestion studies summarized in reviews (6) (7) (8) . Of the total sample, 12.3% of respondents perceived themselves to be lactose intolerant, and the age-adjusted prevalence rates of self-perceived lactose intolerance were 7.8% for whites, 20.1% for African Americans, and 8.8% for Hispanics. These estimates are nearly identical to those previously reported in 1084 respondents (11). 2 Crude prevalence = (no. of people with self-perceived lactose intolerance/no. of people in survey) · 100%. 3 Age-adjusted prevalence = X (no. of people in an age group/total population) · (no. of people with self-perceived lactose intolerance in an age group/no. of people in survey in an age group) · 100%. The crude prevalence of self-perceived lactose intolerance in non-Hispanic blacks (22.1%) is consistent with the research highlighted originally in the National Medical Association Census Report and again in a recent study (9, 10) . However, these prevalence rates are significantly lower than previous estimates extrapolated from lactose-maldigestion tests: 15% of non-Hispanic whites, 50% of Mexican Americans, and 80% of non-Hispanic blacks (6) (7) (8) . The results from this study indicate that the previous prevalence rates for lactose intolerance may have been grossly overestimated from maldigestion studies. A possible explanation for this disparity is that the maldigestion studies using a breath-hydrogen test administered a 1 R 2 = 0.10 (dairy), R 2 = 0.04 (nondairy; n = 3452, P , 0.01). *P , 0.05, **P , 0.01.
challenge dose of 50 g lactose in water, which is not comparable with a serving of dairy food typically consumed with a meal (4, 6, 37) . The likelihood that an individual experiences symptoms of lactose intolerance after consuming 12 g lactose [eg, 1 cup ('237 mL) milk] with a meal is much lower than that after consuming an amount of lactose that is 4.5 times (equivalent to a quart of milk) that in a single solution of water. Thus, prevalence rates of lactose maldigestion do not necessarily equate with prevalence rates of lactose intolerance because individuals with lactose maldigestion may or may not experience the gastrointestinal disturbances associated with lactose intolerance. In addition, health care professionals have no standardized method of diagnosis (38) . In this study, no significant difference in self-perceived lactose intolerance with age was found. However, more women and nonHispanic blacks had self-perceived lactose intolerance. Although previous studies and reviews have reported that non-Hispanic blacks are more likely to report having lactose intolerance (6, 9, 10), it is unclear at this time why women have a higher prevalence of self-perceived lactose intolerance and it warrants further study. Individuals with self-perceived lactose intolerance may eliminate or decrease their intake of dairy foods. The dairy food group is an important contributor of many nutrients lacking in American's diets, including calcium, potassium, and vitamin D (39) , and limiting dairy food intake may have adverse health effects. Studies have shown that intake of dairy foods or dairy nutrients is associated with a higher diet quality (40) (41) (42) , improved bone health (14) (15) (16) , lower blood pressure (17-21) and body weight (22) (23) (24) (25) , and a lower incidence of colon cancer (26) (27) (28) . Some studies (29) (30) (31) (32) (33) have also linked dairy food intake or its nutrients with a lower risk of developing diabetes. Individuals who avoid dairy products may find it difficult to meet adequate intakes of calcium and magnesium from other food sources alone (43) , which may have detrimental health effects throughout life. One study found that adolescent girls who perceived themselves to be milk intolerant had significantly lower milk and calcium intakes and a lower bone mineral content of the spine (12) . Of interest, '50% of the girls who perceived themselves to be milk intolerant were not lactose maldigesters. In the current study, total calcium intake was significantly lower in those respondents who reported self-perceived lactose intolerance than in those who did not, particularly calcium intake from dairy foods (eg, milk, yogurt, and cheese). The lower calcium intake from dairy foods was not compensated for with a higher intake of calcium from nondairy foods.
In addition to this nutritional shortfall, a larger percentage of respondents with than without self-perceived lactose intolerance self-reported having physician-diagnosed diabetes and/or hypertension. Furthermore, a larger percentage of those with lower calcium intakes from dairy foods also reported having physiciandiagnosed diabetes and/or hypertension, which suggests that the higher prevalence of these conditions among those with self-perceived lactose intolerance may be associated with the lower dairy calcium intake. Although research has linked dairy food and calcium intakes to a reduced risk of osteoporosis and colon cancer, this study found no differences in physician- diagnosed osteoporosis and colon cancer. This may have been a result of the way in which these conditions are diagnosed. Unlike a typical blood pressure test during an office visit or a blood glucose measurement during a conventional laboratory test, diagnoses for both osteoporosis and colon cancer require specific nonroutine tests that are not commonly conducted during ordinary medical examinations. Thus, it may be entirely possible that an association does exist for these conditions but that it was not detected because the study relied on reporting of a physician's diagnosis and not on objective diagnostic testing of each condition. This study has important implications. Health professionals need to be aware that fewer people experience the symptoms of lactose intolerance than previous estimates indicate, and the selfperception of lactose intolerance may have a detrimental effect on nutrient intake and health outcomes. As a result, health professionals need to focus on definitively determining the source of the symptoms to appropriately help manage their patients' symptoms. A review of studies showed that both lactose malabsorbers and absorbers reported symptoms during a lactose breath-hydrogen test (38) . High-quality studies on the diagnosis of lactose malabsorption and intolerance are needed, with important prerequisites being the use of consistent terminology, consistent definitions of conditions, and consistent assessments of lactose intolerance (38, 44) .
Many individuals with clinical lactose intolerance confirmed by using objective testing can still consume dairy foods to help meet nutrient recommendations with appropriate guidance and education. Several studies have shown that individuals with selfperceived lactose intolerance can consume dairy products without experiencing the symptoms associated with the condition (45, 46) . For example, one study found that lactose-intolerant individuals can tolerate 2 cups ('474 mL) of milk per day without appreciable symptoms when consumed with meals (45) . Milk products such as yogurt and cheeses may be better tolerated by individuals with lactose intolerance and by those taking lactose enzyme tablets before consuming milk. In summary, better methods are needed to assess lactose intolerance symptoms in the "real world" for those with lactose maldigestion, and better educational strategies are needed to provide guidance about incorporating dairy foods into the diet while symptoms are being managed.
This study had several limitations. The overall survey response rate of 25.3% was low, but the respondent sample size was large enough to perform statistically significant calculations. The prevalence data are based on self-perceived data, and it is possible that the true prevalence of clinical lactose intolerance is somewhere in between the self-perceived data and the previously published data. Because the study's design did not include a lactose-maldigestion test to confirm that the reported symptoms were actually due to maldigestion, the self-perceived results were not compared with clinical lactose intolerance. However, previous rates extrapolated from maldigestion rates are likely higher than self-perceived rates because of the large bolus of lactose administered on an empty stomach and the observation that not every maldigester experiences lactose intolerance symptoms. This study was designed to measure self-perceived rates because the perception is ultimately what affects behavior and is what may have adverse effects on nutrient intake. However, the perceived severity and frequency of lactose intolerance was not assessed. The FFQ used to assess calcium intakes in this study was designed to be used as a screening tool only to determine relative calcium intake or to help identify individuals who may be at risk of low calcium intakes. As such, the mean intake reported in this study is not consistent with national averages showing that Americans, on average, are not meeting adequate intakes of calcium (43) .
